INTRODUCTION
The energy demands of increased functional activity of the body as a whole are met by increased oxygen consumption with a high degree of thermodynamic efficiency amounting to 25 or 30 per cent (1) . In the case of cardiac or skeletal muscle or secreting glands this relationship seems straightforward, but it is less obvious with brain or kidney. In the case of kidney, thermodynamic calculations by other workers (2, 3) indicate that the theoretical oxygen equivalent of the work necessary to produce maximal osmolar gradients between plasma and bladder urine is small relative to the resting metabolism of the organ. Experimental testing of this relationship by direct measurements in animals has resulted in contradictory reports (4) (5) (6) (7) (8) . Since failure of experimental unanimity may have been due, in part, to differences in species, preparation or anesthesia, and since changes in renal oxygen consumption may be related to many factors other than mere overall osmotic gradients, it seemed advisable to make these measurements in unanesthetized man. Aside from their theoretical interest, such data might help in understanding the concepts of "renal work" and "resting the kidney" on the clinical level where they are stressed in all discussions of therapy but do not have an unequivocal background on the basis of either theory or experiment. 
METHODS

General
Measurements of glomerular filtration rate, renal blood flow and renal oxygen consumption were made before and during test procedures in 15 adult male subjects between the ages of 17 and 58 years of age none of whom had evidence of renal disease. Clearances were performed in general according to the techniques described by Goldring and Chasis (9) , and values were corrected to 1.73 square meters surface area. Constant infusions of-test solutions, mannitol and para-aminohippurate (PAH), were given intravenously by means of a motor driven worm screw pushing on the barrel of a 50 cc. syringe according to the technique of Earle and Berliner (10) . PAH and mannitol were mixed in the same solution; this procedure, however, causes no reduction in PAH extraction and clearance such as has been described with mixtures of PAH and glucose where presumably a coupling reaction occurs in which the p-amino group of the PAH is covered (11) . Urine was collected by catheter with bladder washings. Blood samples were taken simultaneously from the femoral artery by means of an indwelling needle and from the right renal vein by means of a catheter. Before sampling, 5 cc. of blood were withdrawn from the artery and 10 cc. from the renal vein to clear the systems. These quantities were demonstrated to be adequate by testing in vitro with dye solutions. After sampling, this blood was reinjected. Blood to be analysed for excretory substances (mannitol, PAH and creatinine) was taken into dry syringes and transferred to tubes containing powdered heparin. Blood for gas analysis was taken anaerobically into 10 cc. syringes wet with liquid heparin. One cc. of mercury was introduced, the syringes were capped and kept in ice until analysed. This interval was sometimes as long as six hours in cases where a great many specimens were taken, but if the blood is adequately iced no measurable deterioration of oxygen content occurs in this time. Since analysis of each arterial sample was immediately followed by analysis of its paired venous sample, any undetected deterioration would tend to be minimized in the arterio-venous difference.
Test procedures
After control observations varying from about 30 to 60 minutes' duration and consisting of two or three urine collection periods and one or two arterio-venous oxygen differences, one of the following experimental procedures, designed to change renal work, was instituted.
745
PAH saturation: In five subjects the rate of excretion of PAH by the tubules was increased from values of 11-16 mg./min. to maximal rates of 71-86 mg./min. by increasing the rate of PAH infusion after an additional priming dose, thus raising the PAH plasma concentration from low levels of around 2 mg./100 cc. to higher levels of around 30 mg./100 cc.
Water diuresis: In five subjects tap water was given by mouth in varying amounts, depending on the subject's capacity, and measurements made after water diuresis had been established.
Osmotic diuresis: In five subjects mannitol was injected intravenously as a priming dose of 12.5 to 50 grams followed by a constant infusion of 194 to 262 mg./min.
Calculation of renalfunctions
Renal blood flow (RBF) was determined by application of the Fick principle using PAH as a test substance, according to the equation RBF = A X ,where V A-R 1-Hct equals the rate of urine formation in cc./min.; U, A and R equal the concentration of PAH in mg./cc. in urine, arterial plasma and renal venous plasma respectively; and Hct. is the arterial hematocrit. Determined values for A-R from simultaneously drawn samples were plotted against time on semilogarithmic paper and the interpolated value at the mid-point of each urine collection period was used to calculate RBF. Glomerular filtration rate (GFR) was measured as endogenous creatinine clearance (Ccr) in all cases and as mannitol clearance (Cm) in some. Total renal oxygen consumption (TQ02) was calculated as the product of RBF and renal arterio-venous oxygen difference (A-R)02. Data cc. of oxygen) that the maximum change in (A-R)O2 resulting from error in AHb/RHb should have been less than 0.2 vol. per cent in 95 per cent of the cases. On the basis of subsequent work, we are inclined to believe that one factor in this difference was unequal dilution of the arterial and renal venous blood by the liquid heparin in the sampling syringes. Similar results of about the same magnitude have been reported by other workers in the dog (1, 12, 13) although smaller differences have been found in man (14, 15) .
Chemical determinations
Blood oxygen content was determined in duplicate on 1 cc. samples by the manometric method of Van Slyke and Neill for simultaneous determinations of carbon dioxide and oxygen (16) . In all determinations gas was thus liberated by means of a combined reagent containing lactic acid. Under these conditions, as has been demonstrated in this laboratory (17) and recently confirmed (18) , the inaccuracies of oxygen determinations resulting from incomplete hemolysis of red cells by saponin in neutral solution do not occur (19) . Duplicate determinations agreed within 0.05 vol. per cent for the most part and 0.10 vol. per cent in all cases.
PAH was determined as " total" PAH by acid hydrolysis of the conjugated material according to a modification of the method of Smith and his associates (20) in 11 cases and by the method of Newman and his associates (21) in the last four.
Mannitol was determined by a modification of Smith's method (22) ; endogenous creatinine was determined by the method outlined by Brod and Sirota (23); oxyhemoglobin determinations were done on the Evelyn photoelectric colorimeter (24) and hematocrits were determined according to the method of Wintrobe (25) Standard errors of measurement thus calculated for the various specific renal functions are shown in Table I . The standard error of measurement of the difference, amd, of each experimental value from its own control value was calculated according to the formula amd equals a4mn2c + am2e where amc and ame are the standard errors of measurement of the control and experimental values respectively. Each difference was then divided by its standard error of measurement and the resulting " t" value evaluated for significance at the 5 per cent level.
The significance of the means of the differences between control and experimental observations for all subjects taken together within each of the three test groups was evaluated by the usual " t" test.
RESULTS5
The data are given in Table II endogenous creatinine increased significantly with water diuresis. At the onset of water diuresis, usually, for a single urine collection period, some of the subjects showed a transient increase in RBF (persistent in patient 8) which may have been due to hyperemia but may also possibly have been due to washout of PAH contained in the urinary dead space as the rate of diuresis increased. Such periods were not included in experimental averages and (A-R)o, measurements were not made at times when it was anticipated that this change would occur, so as to avoid any possible effect on Qo, of hemodynamic changes per se, real or apparent, in contradistinction to effect on Qo, of changes in renal tubular functional activity.
The mean renal arterio-venous differences of the 15 subjects calculated from control observations only was 1.43 vols. per cent with a standard deviation of 0.39 and a standard error of the mean of 0.10. The mean renal oxygen consumption was 6.24 cc./100 grams/min. with a standard deviation of 2.07 and standard error of the mean of 0.54. These values are in good agreement with those of other workers for the metabolism of the normal kidney (14, 15, 27) . DISCUSSION These data indicate that, if changes in renal oxygen consumption occurred under the conditions of these experiments, such changes were masked by the error of measurement. While these measurements will detect only relatively large changes, they would be quite adequate to detect such changes as may occur in the body as a whole during exercise where oxygen consumption may increase 16 fold (28) . Failure to obtain such a response means either that the stimuli were inadequate or that the kidney uses most of its oxygen for something other than the changes in work load we induced. Since the kidney is never entirely at rest, it may well be that the differences between control and experimental conditions were really quite small with respect to the total energy required in the complex process of converting glomerular filtrate into urine and maintaining the functional state of the renal cells. A relationship between urinary function and renal oxygen consumption is suggested by the data of Cargill and Hickam . These values are in reasonably close agreement with in vitro work. 5 . There was no statistically significant change in renal oxygen consumption between the control and test measurements.
6. These data suggest that the bulk of oxygen consumed by the kidney is used for purposes not measurable by external work.
7. The data suggest that any beneficial results of special diets in renal disease do not result from resting the kidney by decreasing the oxygen requirement as a result of diminution of external work.
